concentration up to 0.4 mol% in Y 2 O 3 and thereafter it decreases with further increase of Er 3+ concentration. Also, the intensity of low temperature TL glow peak (~422 K) increases with increasing ion fluence up to 1×10 12 ions cm -2 and decreases with further increase of ion fluences. The TL trap parameters were calculated by glow curve shape method and the deconvoluted glows were exhibit of second order kinetics.
Introduction
Nanomaterials find a wide range of applications due to their unique chemical, physical, electrical, magnetic, optical and mechanical properties. Moreover, rare-earth ions in different host lattices prompted the development of rareearth luminescent materials for lamps, cathode ray tubes, dosimetry, scintillators, bio sensors and white light-emitting diodes [1] [2] [3] [4] [5] . Yttrium oxide (Y 2 O 3 ) possesses high refractory properties with melting point of ~2723K and thermal conductivity of 33Wm -1 K -1 . It is a suitable material for photonic waveguide due to its high band gap (5.72 eV), with a very high refractive index (~2) and a wide transmission range (280-8000 nm), a low phonon cut-off energy, which leads to high luminescence efficiency [6-8]. 3+ and Er 3+ trivalent ions have nearly the same ionic radii [9, 10] .
Swift heavy ions (SHI) have been exploited by researchers in different ways in the field of materials science. The energy of the ion, ion fluence and ion species greatly affect the properties of phosphors. SHI is very useful for modification of the properties of thin films and surface of bulk solids. It penetrates deep into the target material; lose their energy predominately through inelastic interactions with the target electrons. The resulting intense electronic excitation can produce a narrow trail of permanent damage along the ion path called ion track [11, 12] . Also, it produces point defect and defect clusters. These defects, affect the luminescence properties of materials. Thermoluminescence (TL) is a powerful technique to study damage creation under SHI. It is used to identify the nature of defects and their thermal stability in crystalline solids. TL is highly structure-sensitive, simple, a reliable technique and has wide applications in personal monitoring, archeological age determination of pottery, geological dating, etc . Stoichiometric amount of yttrium oxide, erbium oxide were dissolved with dilute nitric acid to get yttrium nitrate and erbium nitrate. The yttrium nitrate was dissolved in 50 ml of double distilled water and then the solution was refluxed at room temperature for 3 hour. Erbium nitrate was added to yttrium nitrate precursor solution and the solution was refluxed at 343 K for 2 hrs and then citric acid was added slowly which acts as a chelating agent. Again, it was refluxed at 348-353 K for 5 hrs. During refluxing, the solution slowly evaporated and turned into a reddish brown gel. The gel was dried at 383 K to overnight in an oven to obtain powder. The powder was ground in an agate pestlemortar and finally annealed at 973 K for 2 hrs to remove the impurities if any [18] . Pellets of 1 mm thick and 5 mm diameter were prepared by taking 30 mg of the sample with 4% of poly vinyl alcohol solution (binder) [19] and by applying a pressure of 4.0 MPa using a homemade pellatizer. These pellets were annealed at 1173 K for 2 hrs in a muffle furnace to remove the deformations and binding agent impurities if any left behind. The annealed pellets were irradiated with 100 MeV swift Si 8+ ions having beam current of 2 pnA for fluences in the range 310 11 -310 13 ion cm -2 using 15 UD Pelletron at Inter University Accelerator Centre (IUAC), New Delhi, India [20] . The samples were mounted on glass slide of 10 cm length, 2.5 cm width and 2 mm thickness. The glass slide was carefully fixed on a copper target ladder using double sided sticky tape. The ion beam was magnetically scanned on a 1cm×1cm area of samples surfaces for uniform irradiation at room temperature. Four pellets were exposed at a time for the same fluence.
The unirradiated (pristine) and SHI irradiated samples were characterized by powder X-ray diffraction [Bruker AXS -model D-8 X-ray diffractometer] using 1.5406 Å CuK α radiations. The morphology of the pristine sample was studied by a field emission scanning electron microscope [ Results and discussion ions cm -2 . The XRD pattern of pristine and irradiated samples were found to be cubic crystal system with space group Ia (JCPDS: No: 88-1040) [21] . All the diffraction peaks have been indexed correspond to bixbyite (C-type) crystalline phase of yttrium oxide. It was found that the diffraction peak intensity of irradiated sample decreases when compared to that of pristine one. This might be due to the creation of a large number of defects. This indicates that after ion irradiation Er 3+ doped Y 2 O 3 sample do not change the phase, but the degree of crystallinity decreases [22] . The structural parameters such as crystallite size (D), inter-planar spacing (d), lattice constant (a), cell volume (V), particle density (D x ), dislocation density (δ) and lattice strain (ε) were calculated from XRD data and tabulated in Table 1 . The crystallite size (D) is calculated using Scherrer equation [23] . (1) where, 'λ' is the wavelength of X-rays (1.5406 Å), 'β' is full width at half maxima (FWHM) and '' is the Bragg angle. The average crystallite size was found to be 24.3 nm for pristine and 23.6 nm for ion irradiated samples. Significant strains were associated with nanoparticles because a large number of surface atoms have unsaturated in co-ordinations system. The lattice strain and crystallite size are estimated using Williamson Hall (W-H) equation [24, 25] and given in the Table 1 .
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where, 'ε' is the lattice strain. Fig. 1 (b) shows the plot of (βCosθ)/λ along y-axis versus (Sin θ)/λ along x-axis. The average crystallites size and lattice strain are found to be 35.0 nm and 0.169 % for pristine and 29.5 nm and 0.182 % for ion irradiated samples. The dislocation density and lattice strain were found to increase after SHI irradiation and it might be due to SHI induced lattice disorder in the Y 2 . It is observed from the Fig. 2 , that, the particles are spherical in shape and are agglomerated. Also porosity was observed due to the large amount of gases produced during synthesis. The average grain size is estimated to be 35 mm. The energy dispersive X-ray spectroscopy (EDS or EDX) technique has proved to be a powerful tool to obtain the chemical composition. Inset of Fig. 2 shows the presence of Y, O, Er elements in the synthesized sample. . This might be due to concentration quenching behavior [27] . Impurity present, even in ppm levels in the material will significantly affect the luminescence yield. If the impurity concentration is too high, they may act as self-quenchers by causing nonradiative cross transitions resulting in quenching of the luminescence yield. Manjunatha ions which may reduce TL intensity. However, its glow peak temperatures were not perturbed much as can be seen from Fig. 3(c) . 11 to 3×10 13 ions cm -2 in the temperature range of 323-650 K. These well resolved glows with peak at ~422, 525 and 635 K were recorded at a heating rate of 5 Ks −1 . Further, the results indicate that creation of trapping centers increase with increase of ion fluence. The TL intensity at the glow peaks are plotted as a function of fluence as shown in Fig. 4 (b) . It is observed that the TL glow peak intensity increases with Si 8+ fluence and reaches a maximum at ~1×10 12 ions cm -2 for a glow peak at 422 K (T m1 ), at 3×10 12 ions cm -2 for the glow peaks at 525 (T m2 ) and 620 K (T m3 ). Further, it decreases with increasing ion fluence. Also, it is observed that the low temperature glow peak (T m1 ) reaches very fast saturation level, when compared to other high temperature glow peaks (T m2 and T m3 ). It might be due to creations of additional trapping centers. Normally, released electrons from the trapping centers recombine with holes at the luminescence centers resulting to TL signal. Low temperature glow peak exhibit a shallow traps level in band gap of material, therefore, with increasing ion fluence, the shallow level traps increases, leading to complex/ cluster defects, which leads to reduction in TL signal with ion fluence.
A typical TL glow curves were deconvoluted using Origin 8.0 software [18] and five prominent TL glows with peaks at 419, 446, 513, 588 and 636 K for 0.4 mol% of Er 3+ were well resolved as can be seen from Fig. 5(a) . The theoretically obtained TL glow curves are well fitted with the experimental data and the quality of fitting is described by figure of merit (FOM) . The fits are considered to be adequate when the FOM values are below 5% [30] . The FOM for the present curve fitting is 0.8%, which indicates that a good agreement between theoretically generated and experimentally recorded TL glow curves. In order to be able to understand the nature of the traps formed in Y 2 O 3 :Er 3+ under SHI irradiation, we have employed the analysis of trapping parameters. The trapping parameters of the above deconvoluted TL glow curves are calculated using the glow curve shape method (modified by Chen) [14] . The order of kinetics of glow curves are calculated by measuring the symmetry (geometrical) factor μ g~0 .50 (μ g =δ/ω). The values of τ, δ and ω as indicated in Fig. 5 (b) are calculated. Here, 'τ' is the low-temperature half width of the glow curve, i.e. τ =T m −T 1 , 'δ' is the high-temperature half width of the glow curve, i.e. δ =T 2 −T m and 'ω' is the full width of the glow peak at its half height i.e. ω=T 2 −T 1 .
From the values of the geometrical factor, it is clear that the above five glow peaks obey the second order kinetics indicating the occurrence of retrapping phenomena. Other trapping parameters such as activation energy (E), frequency factor (s) and trap density (n o ) of the luminescence centers are calculated using various method based on the glow curve shape [14, 31] .
General formulae for calculation of trap depth (E) by various glow curve shape methods are given by:
where  is , δ or ω. Thus, trap depth is calculated by averaging the E  , E δ and E ω values, c  and b  are constant for all three methods for second order kinetics [10, 14] . The calculation of trapping parameters by various glow curve shape methods shows a close agreement as seen in Table 2 . . In SHI irradiated samples, the TL glow (422 K) peak intensity (I m1 ) increases up to a fluence of 1×10 12 ions cm -2 then it decreases with further increase of ion fluence. Deconvoluted TL glow curves exhibited second order kinetics since the retrapping of electron is high. TL glow curves were analyzed by various glow curve shape methods shows a close agreement. It is suggested that Y 2 O 3 :Er 3+ nanophosphor suitable for radiation dosimetry applications of high energy radiation. In continuation of the present work, it is proposed to investigate photoluminescence (PL) and ionoluminescence (IL) behavior of the samples irradiated with SHI. PL and IL will through light on the local symmetry of the emitting atom structural defects.
